Experimental investigation of the impact characteristics on non-metallic materials Annual report, Jun. 6, 1966 - May 31, 1967 by Hill, J. L.
FACILITY FORM &I2 
"Experimental I n  r e s t i g a t i o n  
C h a r a c t e r i s t i c s  on Non-Met8 
Prepared by: 
For: 
of t h e  Impact 
-c Waterials" 
Annual Report No. 1 
June 6,  1966 - May 31, 1967 
Contract  No. NAS8-20346 
Control No. DCNl - 6-28- 001 4(1 F 1 
Dr. James L. H i l l  
Assoc ia t e  P r o f e s s o r  of 
Engineering Mechanic s 
U n i v e r s i t y  of Alabama 
Bureau of Engineering Research 
Un ive r s i ty ,  Alabama 
GPO PRICE $ 
CFSTI PRICE(S) $ 
J u l y  15 ,  1967 
r 3 3; Jv Hard copy (HC) n 
Microfiche (M F) I 
ff 653 July 65 
https://ntrs.nasa.gov/search.jsp?R=19680008092 2020-03-12T09:09:31+00:00Z
"Experimental I n v e s t i g a t i o n  of t h e  Impact 
C h a r a c t e r i s t i c s  on Non-Me t a l  1 i c  Material s" 
Annual Report No. 1 
June 6, 1966 - May 31, 1967 
Contract  No. NAS8-20346 
Control No. DCNl - 6-2 8- 001 4( 1 F 1 
Prepared by: D r .  James L. H i l l  
Assoc ia t e  P ro fes so r  of 
Engineer ing Mechanics 
For : U n i v e r s i t y  of Alabama 
Bureau of Engineer ing Research 
Un ive r s i ty ,  Alabama 
J u l y  15 ,  1967 
This  r e p o r t  was prepared  by t h e  Un ive r s i ty  of Alabama under  
Contract  No. NAS8-20346 "Experimental I n v e s t i g a t i o n 9  of Impact Char- 
acterist ics on Non-Metallic Materials", f o r  t h e  George C. Marshall  
Spaee F l i g h t  Center of t h e  Nat ional  Aeronaut ics  and Space Administra- 
t i o n .  The work was adminis te red  under t echn ica l  d i r e c t i o n  of Research 
P r o j e c t s  Laboratory,  George C. Marshall  Space F l i g h t  Center ,  M r .  
S t a n l e y  A.  F i e l d s  a c t i n g  as  p r o j e c t  manager. 
Y 
ABSTRACT 
C h a r a c t e r i s t i c s  of craters produced i n  t a r g e t s  of vo lcan ic  o r i g i n  
by aluminum p r o j e o t i l e s  are  descr ibed.  The t a r g e t s  a r e  basalt  and 
pumice i n  both s o l i d  and g r a n u l a r  form. 
c a l i b e r  aluminum c y l i n d e r s  whose weights  are between 12 and 30 g r a i n s  
and t h e  p r o j e c t i l e  v e l o c i t i e s  a re  between 2500 and 5000 f p s .  
The p r o j e c t i l e s  are .308 
The c r a t e r s  i n  t h e  s o l i d  b a s a l t  are shallow and l a r g e  i n  diameter .  
This  i s  due t o  t h e  shea r ing  ou t  of l a r g e  s p a l l s  by t h e  h igh ly  crushed 
material t h a t  is moving out  from i n  f r o n t  of t h e  p r o j e c t i l e .  
The s o l i d  pumice craters d i f f e r  i n  t h a t  t h e  h igh ly  crushed 
material i n  t h e  central zone only  c rushes  t h e  pumice more around t h e  
c e n t r a l  zone a s  it moves from i n  f r o n t  of t h e  p r o j e c t i l e .  Th i s  results 
i n  a c r a t e r  t h a t  has  a small e n t r y  h o l e  t h a t  goes i n t o  a l a r g e r  
c a v i t y  . 
I n  t h e  ground pumice (62-250 micron), t h e  craters a r e  double 
con ica l  around a c e n t r a l  burrow. Craters i n  f i n e l y  ground basal t  
(62-250 micron) are n e a r l y  hemispherical  a t  t h e  bottom wi th  v e r y  
s t e e p  walls and have a s l i g h t l y  r a i s e d  r i m .  
INTRODUCTION 
Some experimental  i n v e s t i g a t i o n  of t h e  c h a r a c t e r i s t i c s  of i m -  
pac t ing  materials of vo lcan ic  o r i g i n  by aluminum p r o j e c t i l e s  has  been 
performed. The purpose of t h e s e  experiments  was t 9  o b t a i n  impacts 
i n  materials t h a t  may be  similar t o  t h e  l u n a r  s u r f a c e  w i t h  p r o j e c t i l e s  
whose velaci t ies  were less than  t h e  l u n a r  escape v e l o c i t y  (about  7900 
f p s ) .  
l a b o r a t o r y  wi th  t h e  crater  c h a r a c t e r i s t i c s  of secondary impacts on 
t h e  l u n a r  s u r f a c e ,  it may be p o s s i b l e  t o  draw sope u s e f u l  conc lus ion  
about  t h e  n a t u r e  of t h e  l u n a r  s u r f a c e .  G a u l t ,  Quaide and Oberbeck 
(111 i n d i c a t e  t h a t  t h e  craters from wme secondary impacts can be  
i d e n t i f i e d  on t h e  l u n a r  s u r f a c e  from t h e  Ranger photographs.  
By comparing t h e  crater c h a r a c t e r i s t i c s  ob ta ined  i n  t h e  
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lThe numbers i n  p a r e n t h e s i s  i n d i c a t e  r e fe rences  l g s t e d  a t  t h e  end of 
t h i s  r e p o r t .  
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EXJ?ERIMENTA& APPARAWS 
The impact chamber system is shown schemaf i ca l ly  i n  Fig.  1. The 
p r o j e c t i l e  a c c e l e r a t o r  (a ,378 magnum a c t i o n  w i t h  a .308 cal jber  
b a r r e l )  is  mounted i n  t h e  gun t u b e  a t  t h e  t o p  and t h e  p r o j e c t i l e  i s  
f i r e d  downward through t h e  b a f f l e  chamber, upper tube, top obse rva t ion  
s e c t i o n ,  lower tube ,  lower observqt ign s e c t i o n  and i n t o  t he  t a r g e t  i n  
t h e  impact chamber. The b a f f l e  chamber, upper tube ,  and lower t u b e  are 
double wal led so t h a t  l i q u i d  n i t r o g e n  can be c i r c u l a t e d  around them. 
The v e l o c i t y  of t h e  p r o j e c t i l e  i s  ob ta ined  by measuring t h e  t i m e  
e l a sped  f o r  t h e  p r o j e c t i l e  t o  p a s s  f r ~ m  t h e  t o p  obse rva t ion  s e c t i o n  
t o  t h e  lower obse rva t ion  s e c t i o n .  As t h e  p r o j e c t i l e  pas ses  through 
t h e  obse rva t ion  sectisns it opens c i r q u i t s  by breaking a f i n e  wire 
g r i d  p l aced  i n  i t 5  l j n e  of f l i g h t .  
The t a r g e t  and i ts  guppart  are c a i s e d  and lqwered us ing  a hydrau l i c  
jack. 
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GENERAL DISCUSSION OF EXPERIMENTS 
The target  m a t e r i a l s  were either basal t  o r  pumice. Both s o l i d  and 
g ranu la r  basal t  and pumice were used. 
evidenced s t r a t i f i c a t i o n .  The s o l i d  t a r g e t s  were b locks  about  f o u r  
inches  t h i o k  and v e r y  i r r e g q l a r  i n  t h e i r  p lan .  The g ranu la r  samples 
were conta ined  i n  s t a i n l e s s  steel c o n t a i n e r s  10 .0  inches  i n  diameter  
The s o l i d  basal t  samples 
and 6.0 inches  deep. 
The p r o j e c t i l e s  were a c c e l e r a t e d  by a conventional 0.308 caliber 
r i f l e .  The c a r t r i d g e  was 0.378 magnum c a l i b e r .  There a re  b a f f l e s  
and cryogenic  s u r f a c e s  i n  t h e  system t o  t r a p  t h e  products  of com- 
bus t ion  of t h e  powder, However, t h e  b a f f l e s  and cryogenic  s u r f a c e s  
are no t  t r a p p i n g  a l l  of these gases .  This  is  i n d i c a t e d  by a n  inc rease  
of moisture  c o n t e n t  of t h e  s u r f a c e  l a y e r  i n  t h e  g ranu la r  samples 
dur ing  f i r i n g .  Also 9 dynamic p r e s s u r e  rise i n  t h e  impact chamber 
occurs  t h a t  r e s u l t s  i n  t h e  s t e a d y  state preqsure  i n  t he  system 
r a i s i n g  about  one ha l f  of an  inch of mercury. The procedure used 
i n  making a sho t  was a s  fol lows:  
1. P lace  t h e  sample i n t o  t h e  impact chamber. 
2. Load t h e  p r o j e c t i l e  accelerator. 
3. Evacuate t h e  system t o  a vacuum of less than  100 microns of 
mercury. 
4. F i l l  t he  shrouds argund t h e  baf f le  chamber, upper and lower 
tubes  w i t h  l i q u i d  n i t rogen .  This  u s u a l l y  causes  t h e  p r e s s u r e  
t o  drop 5 t o  1 0  microns of mercury. 
5. F i r e  t h e  p r o j e c t i l e  a c c e l e r a t o r  and impact t h e  t a r g e t .  
6 .  Wait u n t i l  t h e  l i q u i d  n i t r o g e n  b o i l s  away. 
7. Raise t h e  p r e s s u r e  i n  t h e  system t o  atmospheric  p re s su re .  
8. C a r e f u l l y  remove t h e  sample from t h e  chamber. 
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9. Photograph t h e  impacted sample and make observa t ions  about  
t h e  sample. 
10 .  The sample and ejecta are s t o r e d  f o r  f u t h e r  s tudy.  
Several  d i f f i c u l t i e s  were encountered  and overcome dur ing  t h i s  
pe r iod .Th i s re su l t ed  i n  only  1 7  tests be ing  completed. The f i r s t  o f  
t h e s e  d i f f i c u l t i e s  was a system t o  measure t h e  v e l o c i t y  of t h e  pro- 
jectile. The i n i t i a l  idea  was t o  use  t iming t a p e  which c o n s i s t e d  of 
35 mm f i l m  t h a t  had a conduct ing s t r i p  pa in t ed  on it. A s  t h e  pro- 
ject i le  p i e r c e s  t h e  f i r s t  t a p e  a c i r c u i t  i s  broken t o  provide a s i g n a l  
t o  s t a r t  t h e  timer and then as  it p i e r c e s  t h e  second t a p e  t h e  timer 
i s  stopped. Check-out s h o t s  on t h i s  system gave i n c o n s i s t e n t  r e s u l t s .  
An o p t i c a l  system t h a t  used p h o t o c e l l s  t o  provide  t h e  s t a r t i n g  and 
This  system never proved operable .  ‘ s t o p p i n g  s i g n a l s  was designed. 
F i n a l l y  a simple system t h a t  u s e s  g r i d s  of f i n e  wire i n  p l a c e  of t h e  
t iming t a p e  was found t o  g ive  c o n s i s t e n t  r e s u l t s .  
Next it was found t h a t  some ammunition gave g r e a t l y  va ry ing  
v e l o c i t i e s  when f i r e d  v e r t i c a l l y  and h o r i z o n t a l l y .  
i s  due t o  t h e  way t h e  powder l ies  i n  t h e  c a s e  and t h e  e f f e c t  of t h i s  
on t h e  e f f i c i e n c y  of combustion of t h e  powder. 
from a ver t ical  sho t  was always lower than  t h a t  obtained i n  a ho r i zon ta l  
s h o t  us ing  i d e n t i c a l  ammunition. For some ammunition t h e  ver t ical  
v e l o c i t y  was 30 pe rcen t  lower than t h e  ho r i zon ta l .  
pr imers  and wadding t o  hold t h e  powder a g i n s t  t h e  primer t h e  d i f f e r e n c e  
This  e v i d e n t l y  
The v e l o c i t y  obtained 
BY us ing  magnum 
was reduced t o  about  5 pe rcen t .  
The i n i t i a l  tests were made on s o l i d  b a s a l t  b lock  wi th  30 g r a i n  
p r o j e c t i l e s .  These p r o j e c t i l e s  always s h a t t e r e d  t h e  sample so badly  
t h a t  no usab le  results were obtained.  By reducing t h e  mass of t h e  
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p r o j e c t i l e s  t o  less than 1 5  g r a i n s  most of t h e  impacts d i d  n o t  s h a t t e r  
t h e  b a s a l t  samples. 
RESULTS 
A l l  impacts were made a t  normal incidence.  The main experimental  
r e s u l t s  ob ta ined  were c r a t e r  c h a r a c t e r i s t i c s  as  a gunct ion of t a r g e t  
mater ia l  and p r o j e c t i l e  momentum and k i n e t i c  energy. 
were made of aluminum a l l o y  6061-T6. The results w i l l  be  grouped 
accord ing  t o  t a r g e t  material. 
The p r o j e c t i l e s  
S o l  i d  Basal t Targe t s  
I n  a l l ,  n ine  tests were made where t h e  t a r g e t s  were s o l i d  basa l t .  
I n  f o u r  of t h e s e  tests t h e  samples were so  bad ly  s h a t t e r e d  Chat no 
u s a b l e  crater r e s u l t s  were obta ined .  I n  another  test t h e  sample 
e v i d e n t l y  had a s u r f a c e  of d i s c o n t i n u i t y  a lmost  p a r a l l e l  t o  t h e  top  
f a c e  and about  0 . 2 7  inches below t h e  c e n t r a l  impact zone. This 
r e s u l t e d  i n  t h e  crater  being t o o  shallow and t o o  l a r g e  i n  p lan  view 
s i n c e  a l l  t h e  material on one s i d e  of t h e  impact between t h e  top  
s u r f a c e  and t h e  s u r f a c e  of d i s c o n t i n u i t y  was evacuated.  
The photograph i n  Fig.  2 i s  a c l o s e  up view of a t y p i c a l  crater 
formed by normal impact on s o l i d  basal t .  
Fig.  3 i s  a ske tch  of t4e probable  sequence of even t s  i n  t h e  
c r a t e r i n g  process  i n  b a s a l t .  The c e n t r a l  zone of t h e  crater i s  v e r y  
rough and i s  e v i d e n t l y  t h e  r e s u l t  of c rush ing  a c t i o n  of t h e  oncoming 
p r o j e c t i l e .  The crushed material under t h e  p r o j e c a i l e  i s  fo rced  
t o  t h e  s i d e s  e x e r t i n g  l a r g e  p r e s s u r e s  on t h e  wall of t h e  burrow as  
it t r ies  t o  move ou t  from under t h e  p r o j e c t i l e .  This  p re s su re  causes 
t h e  s p a l l s  t o  shea r  of f  from t h e  t a r g e t  material t o  open up t h e  
shallow cup t h a t  i s  t h e  l a r g e s t  p a r t  of t h e  crater,  Maurer and 
R i n e b r t  ( 2 )  d e s c r i b e  similar craters produced i n  g r a n i t e .  The s p a l l s  
were r e a d i l y  iden$ i f i e?  and could e a s i l y  be f i t t e d  back i n  p l a c e  i n  
t h e  crater. 
I n  F ig .  4 i s  presented  t h e  depth  of t h e  craters i n  b a s a l t  samples 
a s  a f u n c t i o n  of t h e  momentum of t h e  impacting p r o j e c t i l e .  The f o u r  
usable da t a  f i t  a s t r a i g h t  l i n e  on t h i s  log- log  p l o t  q u i t e  w e l l .  This  
impl ies  an  emprical r e l a t i o n  such as  
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exists between p e n e t r a t i o n ,  p ,  and p r o j e c t i l e  momentum, mv. For 
b a s a l t  blocks,  aluminum p r o j e c t i l e s  w i t h  v e l o c i t i e s  between 2000 
and 5000 f p s  t h e  c o n s t a n t s  C and b have t h e  values C = 1.075 and b = -643 .  
Then p e n e t r a t i o n  i s  measured i n  inches and momentum i n  lb-sec. 
F ig .  5 shows volume o$ t h e  craters a s  a func t ion  of t h e  l i n e a r  
This  does n o t  i n d i c a t e  any  s imple emprical  momentum on a log- log  p l o t .  
re1 a t  ion  be tween t h e s e  para  meters . 
Sol i d  Pumice Ta rge t s  
Two tests were made on pumice t a r g e t s .  The sample i n  t h e  f i r s t  
test s h a t t e r e d  whi le  t h e  o t h e r  test produced a c r a t e r  be l ieved  t o  
be t y p i c a l  of impacting pumice of t h i s  type  wi th  t h e  type  of pro- 
j e c t i l e s  used. A photograph of t h e  crater is  shown I n  Fig. 6 and 
a n  approximate c r o s s  s e c t i o n  of t h e  crater  is  presented  i n  Fig.  7. 
The samll e n t r y  ho le  and l a r g e r  c a v i t y  are t y p i c a l  of c r a t e r s  i n  
low d e n s i t y  c rushab le  t a r g e t s  (3). 
7 
The p r o j e c t i l e  t h a t  impacted t h i s  pumice t a r g e t  weighed 13.2 
g r a i n s  and had a v e l o c i t y  of 3990 f p s .  This  gave t h e  p r o j e c t i l e  a 
l i q e a r  momentum of 0.234 lb-sec  and a k i n e t i c  energy of 466.2 f t - l b  
a t  impact. The crater was 1.62 inches  deep and had a volume of 1.56 
cubic  inches.  A f t e r  t h e  impact a l a r g e  p a r t  of t h e  crater was s t i l l  
f i l l e d  wi th  crushed pumice. 
Granular  Basalt Targe ts  
Tnree test were made i n  ground b a s a l t  targets.  The g r a n u l a r  
material was conta ined  i n  s t a i n l e s s  steel c o n t a i n e r s  whose i n s i d e  
dimensions are 10.0 inches  i n  diameter  and 6.0 inches  deep. The 
shape of t h e  crater d i f f e r s  g r e a t l y  wi th  p a r t i c l e  s i z e  of t h e  target.  
The g r a n u l a r  material i n  t h e s e  Ghree experiments  were of t h r e e  d i f f e r e n t  
s i z e  d i s t r i b u t i o n s :  62-125 microns,  125-250 microns and 500-1000 microns. 
The crater  produced i n  t h e  500-1000 micron target cons i s t ed  of 
a small c e n t r a l  crater  t h a t  was shallow and d i s h  shaped t h a t  opened 
t o  a much l a r g e r  shallow crater  which ended i n  a r a i s e d  rim v e r y  
c l o s e  t o  t h e  edge of t h e  c o n t a i n e r .  A ske tch  of t h i s  c r a t e r  is shown 
i n  Fig.  8. The r a i s e d  r i m  is  probably due t o  t h e  con ta ine r .  The 
p r o j e c t i l e  t h a t  produced t h i s  crater weighed 29.8 g r a i n s  and t h e  
4 v k l o c i t y  of i t  was 3680 f p s .  
The craters obta ined  i n  t h e  62-125 micron and 125-250 micron 
targets  were v e r y  similar.  A photograph of t h e  crater i n  t h e  62-125 
micron t a r g e t  is  shown i n  Fig. 9. A p l a s t e r  of p a r i s  mold of t h i s  
t a r g e t  a f t e r  impact was made. The depth of t h e  crater was 3.05 
inches  and t h e  volume of t h e  crater was 45.89 cubic  inches ,  This  
crater was produced by a p r o j e c t i l e  t h a t  weighed 13.2 g r a i n s  and had 
- 1 ir ri 
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a v e l o c i t y  of 5140 f p s .  I n  Fig.  1 0  i s  shown a sketch of a c ros s -  
s e c t i o n  of t h i s  crater w i t h  some i n t e r e s t i n g  dimensions. Notice t h e  
near  ver t ical  s i d e s  and t h e  r a i s e d  r i m .  Due t o  the  d i s t a n c e  from t h e  
walls of t h e  crater t o  t h e  walls of t h e  c o n t a i n e r  t h e  r i m  is  probably 
no t  t h e  r e s u l t  of t h e  con ta ine r .  Notice  a l s o  i n  t h e  photograph i n  
Fig.  9 t h a t  t h e  g ranu la r  material c o l l e c t e d  t o g e t h e r  i n t o  small 
modules i n s i d e  t h e  crater ,  and t h e r e  i s  a t  least  one o u t s i d e  t h e  
c r a t e r ,  Some evidence  of crumbling and slumping of t he  near  ver t ical  
walls of t h e  crater i s  shown i n  Fig.  9.  A l l  t h e  features descr ibed  
about  t h i s  crater were a l s o  found i n  t h e  crater i n  t h e  125-250 
micron t a r g e t .  
Granular  Pumice Ta rge t s  
BJO test were performed us ing  g ranu la r  pumice as t a r g e t s .  The 
two samples of ground pumice were s i z e d  62-125 microns and 125-250 
microns. The craters produced i n  both  t a r g e t s  were very  similar. 
A photograph of t he  t o p  view of t h e  c r a t e r  obtained i n  t h e  125- 
250 micron target  i s  shown i n  Fig.  11. A p l a s t e r  of p a r i s  mold was 
a l s o  made of t h i s  crater. From t h e  mold a c r o s s  s e c t i o n  of t h e  
crater was obtained and is  presented  i n  Fig. 1 2 .  The most i n t e r e s t i n g  
f e a t u r e  of these c r a t e r s  i s  t h e i r  double con ica l  c h a r a c t e r .  'She v e r y  
c e n t r a l  zone of impact i s  h i g h l y  pu lve r i zed  and there is  a burrow w i t h  
vertical  s i d e s  w i t h  overhangs, t h i s  opens out  i n t o  a n  i r r e g u l a r  con ica l  
Crater whose s i d e s  a r e  i n c l i n e d  about  50' w i t h  t h e  h o r i z o n t a l  then  
ends i n  a n  annu la r  r eg ion  t h a t  goes i n t o  ano the r  con ica l  su r f ace  
t h a t  is  much more r e g u l a r  than  the  inne r  cone. The sides of t h e  l a r g e r  
o u t e r  cone a re  i n c l i n e d  a t  an  a n g l e  of 35' w i t h  t he  ho r i zon ta l .  This  
9 
I 
cone ends i n  a r a i s e d  r i m  b u t  t h e  r i m  is  so  c l o s e  t o  t h e  edge of t h e  
c o n t a i n e r  it i s  d i f f i c u l t  t o  determine if t h e  edge of t h e  con ta ine r  
i s  t h e  cause of t h e  r i m .  
For t h e  125-250 micron t a r g e t  t h e  dimensions of t h e  crater are 
shown on Fig .  12.  The p r o j e c t i l e  weighed 14.1 g r a i n s  and i t s  v e l o c i t y  
was 3610 f p s  a t  impact. The t o t a l  volume of t h e  crater was 33.69 
cubic  inches.  Tnere was a ve ry  weak c r u s t  formed over a lmost  t h e  
e n t i r e  s u r f a c e  of t h e  inne r  and o u t e r  cones.  It  was very  smooth, and 
broke up when t b e  sample was handled. Concentr ic  r i p p l e s  i n  t h i s  
c r u s t  formed on p a r t s  of t h e  s u r f a c e  of t h e  o u t e r  cone. Also  p resen t  
i n  t h e  s u r f a c e  of t h e  o u t e r  cone was a set o f  rays. Three r ays  are 
well def ined  i n  one 90' s e c t o r  of t h i s  s u r f a c e  a s  shown i n  Fig.  11. 
CONCLUSIONS AND RECOMMEDNATIONS 
Tne experiments  performed i n d i c a t e  t h e  n a t u r e  of craters t h a t  
develop i n  t h e  f o u r  types of target materials when impacted by aluminum 
p r o j e c t i l e s  weighing between 12 and 30 g r a i n s  wi th  v e l o c i t i e s  between 
2500 and 5000 f p s .  The c r a t e r  i n  t h e  s o l i d  b a s a l t  is shallow and 
l a r g e  i n  diameter  due t o  t h e  s p a l l s  t h a t  a re  sheared ou t  of t h e  way 
by t h e  material of t h e  c e n t r a l  zone a s  it moves from i n  f r o n t  of t h e  
incoming p r o j e c t i l e .  The s o l i d  pumice i s  d i f f e r e n t  i n  t h a t  t h e  material 
i n  t h e  c e n t r a l  zone Only c rushes  t h e  material around it i n  a l l  d i r e c t i o n s  
as  it is  pushed by t h e  p w j e c t i l e .  This  i s  p o s s i b l e  because of t h e  
p o r o s i t y  of t h e  pumice. Craters i n  ground b a s a l t  a re  n e a r l y  hemi- 
s p h e r i c a l  a t  t h e  bottom, have v e r y  s t e e p  walls and s l i g h t l y  r a i s e d  
rims. 
a burrow where t h e  material is h i g h l y  pu lve r i zed  by t h e  impact. 
burrow has  v e r y  i r r e g u l a r  walls,  near  v e r t i c a l  w i th  overhangs. 
I n  ground pumice t h e  craters a r e  double conica l  i n  n a t u r e  about  
Tnis  
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Much more d a t a  must be  taken  so  t h a t  t h e  way impact c h a r a c t e r i s t i c s  
v a r y  w i t h  t h e  p e r t i n e n t  parameters  can b e  a s c e r t a i n e d .  Now t h a t  t h e  
system is operable  a much l a r g e r  number of tests w i l l  be made i n  t h e  
nex t  r e p o r t  pe r iod .  
S ince  t h e  p rov i s ions  t o  t r a p  t h e  products  of combustion of t h e  
gun powder are n o t  s a t i s f a c t o r y ,  ways of improving t h i s  s i t u a t i o n  
should be conceived and implemented. 
s u r f a c e s  should be  eva lua ted  as  t o  t h e i r  e f f e c t i v e n e s s  i n  reducing 
t h e  s t r e n g t h  of t h e  muzzle b l a s t .  Based on t h e s e  f i n d i n g s ,  ways and 
means of f u r t h e r  reducing t h e  muzzle b l a s t  must be  conceived and 
imp1 emen t e d  . 
F i r s t ,  t h e  b a f f l e s  and cryogenic  
So f a r ,  a l l  results have been on t h e  c r a t e r  c h a r a c t e r i s t i c s  of 
impacting non-metal l ic  targets ,  Also of i n t e r e s t  i s  t h e  behavior  of 
t h e  t a r g e t  and t h e  ejecta dur ing  impact, To ga the r  t h i s  da ta ,  photo- 
graphs must  be  made of t h e  impact process .  P r e s e n t  p l ans  a re  t o  
focus  a camera on a p l ane  t h a t  i s  perpendicular  t o  t h e  t a r g e t  t h a t  
inc ludes  t h e  l i n e  of f l i g h t  of t h e  p r o j e c t i l e .  The chamber w i l l  be  
o p t i c a l l y  sea l ed  and t h e  l e n s  of t h e  camera opened. The p r o j e c t i l e  
w i l l  b reak  a w i r e  a t  a p reqe t  h e i g h t  above t h e  t a r g e t .  
t r i g g e r  a s i n g l e  f l a s h  from a s t roboscope.  The du ra t ion  of t h e  f l a s h  
i s  3.0 microseconds. 
a c y l i n d r i c a l  l e n s .  Th i s  should produce photographs images of t h e  
ejecta t h a t  are t r a v e l i n g  i n  t h e  p l a n e  of focus .  
w i l l  a c t u a l l y  be s h o r t  s t r e a k s .  The l e n g t h  of t h e  s t r e a k s  w i l l  
i n d i c a t e  t h e i r  v e l o c i t y  and t h e  d i r ec t ions  of t h e  streaks w i l l  b e  t h e  
Th i s  w i l l  
The f l a s h  i s  culminated i n  t h e  focus  p lane  by  
The ejecta images 
same as  t h e  d i r ec t ions  of t h e  ejecta.  
wi th  a v e l o c i t y  of 10,000 f p s  would produce a s t r e a k  0.36 inches  i n  l eng th .  
For example, a p a r t i c l e  of ejecta 
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Photograph of Crater Produced i n  Fine Granular  Basalt (62-125 micron) 
Fig.  9 
Fig. 10 
Photograph of Crater Produced i n  Granular  Pumice (125-250 micron) 
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